Background: Inflammation is widespread in the clinical pathology and closely associated to the progress of many diseases. Triterpenoid saponins as a key group of active ingredients in Panax notoginseng (Burk.) F.H. Chen were demonstrated to show antiinflammatory effects. However, the chemical structures of saponins in the leaves and stems of Panax notoginseng (PNLS) are still not fully clear. Herein, the isolation, purification and further evaluation of the antiinflammatory activity of dammarane-type triterpenoid saponins from PNLS were conducted. Methods: Silica gel and reversed-phase C8 column chromatography were used. Furthermore, preparative HPLC was used as a final purification technique to obtain minor saponins with high purities. MS, NMR experiments, and chemical methods were used in the structural identifications. The antiinflammatory activities of the isolated saponins were assessed by measuring the nitric oxide production in RAW 264.7 cells stimulated by lipopolysaccharides. Real-time reverse transcription polymerase chain reaction was used to measure the gene expressions of inflammation-related gene. Results: Eight new minor dammarane-type triterpene oligoglycosides, namely notoginsenosides LK1-LK8 (1e8) were obtained from PNLS, along with seven known ones. Among the isolated saponins, gypenoside IX significantly suppressed the nitric oxide production and inflammatory cytokines including tumor necrosis factor-a, interleukin 10, interferon-inducible protein 10 and interleukin-1b. Conclusion: The eight saponins may enrich and expand the chemical library of saponins in Panax genus. Moreover, it is reported for the first time that gypenoside IX showed moderate antiinflammatory activity.
Introduction
Panax notoginseng, Panax ginseng Meyer, and Panax quinquefolium L. belong to Panax genus under Araliaceae family. As is known to all, triterpenoid saponins have made great contributions to the biological activities of these three medicinal herbs mentioned above, from which more than 200 saponins have already been isolated. According to the structures of the aglycone, these known saponins were classified into five types, while the protopanaxadiol (PPD) and protopanaxatriol type accounted for the majority [1] . Depending on the numbers of sugar units, they can also be divided into monoglycoside, diglycoside, and oligoglycoside. The major components of these three medicinal herbs were reported to be PPD-and protopanaxatriol-type oligoglycosides, such as ginsenoside Rb1, Rc, Rb3, and Re [2] .
Inflammation occurs widely in the process of clinical pathology and plays a significant role in the progress of many diseases [3] , and therefore the compounds holding antiinflammatory effects will be used for the treatment of various inflammation-related diseases. Previous reports have shown that ginsenoside Rc and Rd belonging to PPD-type oligoglycosides exerted antiinflammatory activity by suppressing the gene expressions of tumor necrosis factor-a (Tnf-a) and nuclear factor kappa B, respectively [4, 5] . The leaves and stems of P. notoginseng (PNLS) were rich in PPD-type oligoglycosides and could be an alternative source of bioactive saponins and a possible replacement of the roots, which required long growth period for harvest. So far, approximately 30 saponins have been purified and characterized from PNLS, such as notoginsenoside Fc and ginsenoside Rb3 and Rc [6e8] . However, chemical structures of a few saponins are still uncertain, especially pairs of isomeric ones undistinguished by MS spectrum [9] . Hence, isolation from PNLS was conducted to enhance chemical diversity of Panax plants and provide materials for activity screening to find out potential agents with antiinflammatory effects.
In this report, fifteen dammarane-type triterpene oligoglycosides were obtained from PNLS. Among them, gypenoside IX was demonstrated to exhibit the highest inflammatory activities by suppressing the nitric oxide (NO) production and inflammatory cytokines including Tnf-a, interleukin 10 (Il-10), interferoninducible protein 10 (Cxcl10) and interleukin-1b (Il-1b) in RAW 264.7 cells stimulated by lipopolysaccharides (LPSs).
Materials and methods

General experimental procedures
The total saponins of PNLS were purchased from Qidan Co. Ltd. (Wenshan, Yunnan, China). Optical rotations were measured on a Perkin-Elmer 341B polarimeter. IR spectra were obtained from a Nicolet-380 spectrometer. 1 H-NMR (600 MHz) and 13 C-NMR (150 MHz) data were acquired on a Bruker AVANCE-III spectrometer in deuterated pyridine. The spectra of high resolution electrospray ionization mass spectroscopy (HRESIMS) were obtained from a Q-TOF mass spectrometer (Waters, UK) in the negative ion mode. Configuration determination of sugar components was performed on HPLC-UV (Agilent 1100) with a Shim-Pack HRC-ODS column (250 Â 4.6 mm, 5 mm, Shimadzu, Japan). Silica gel (200e300 mesh, Qingdao Haiyang Chemical Group Co., Ltd., China) and reversedphase C8 gel (40e60 mm, YMC, Japan) were used in the open column chromatography (CC). Preparative HPLC was performed on a preparative HPLC system (Tong Heng Innovation Technology Co., Ltd., China) equipped with a T-Sharp C18 column (150 Â 30 mm, 5 mm, Xuanmei Co. Ltd., Shanghai, China) and semipreparative HPLC with a Zorbax SB C18 column (250 Â 9.4 mm, 5 mm, Agilent Technologies, USA). TLC was carried on the HSGF 254 plates (Qingdao Jiangyou Group Co., Ltd., China) with developing solvents CHCl 3 / MeOH/H 2 O (7.5:2.5:0.3, 7:3:0.5, 6.5:3.5:0.5, v/v). Authentic samples used for determination of configurations of the sugar moiety were obtained from Sigma-Aldrich (Steinheim, Germany). L-cysteine methyl ester and o-tolylisothiocyanate as derivatization reagents were bought from Tokyo Chemical Industry (Tokyo, Japan).
Extraction and isolation
The total saponins (440 g) from PNLS were divided into six fractions (AeF) by silica gel CC, eluted with CH 2 Cl 2 /MeOH/H 2 O (8:2:0.2, 7.5:2.5:0.3, 7:3:0.5, 6.5:3.5:0.5, 1:1:0). F (200 g) was chromatographed over silica gel again to yield four subfractions (F1eF4). F4 (120 g) was fractionated using Rp-C8 gel, eluted with MeOH/H 2 O (4:6 / 9:1) to give four subfractions (F4.1: 1.5 g, F4.2: 6 g, F4.3: 40 g, F4.4: 34 g). Then F4.2 (1g Â 6) was further purified by preparative HPLC on T-Sharp C18 column with CH 3 
Acid hydrolysis of compounds 1e8
Compounds 1e8 (1 mg each) were hydrolyzed with trifluoroacetic acid (TFA) (2 mol/L) at 120 C for 2 h. After cooling, the remaining acid was taken away with repeat evaporation of MeOH. And then the residue was dissolved in water and removed off impurities with ether. After concentration of the water layer, the residue and authentic samples were analyzed for a comparison through TLC.
Absolute configuration of sugars
The sugar mixtures were obtained as described above. Further derivatizations were conducted according to the method reported [10] . In short, the residue dissolved in anhydrous pyridine was reacted at 60 C for 1 h with L-cysteine methyl ester hydrochloride followed by addition of o-tolylisothiocyanate and heat treatment of another 1 h. HPLC-UV was used to analyze the reaction mixture we got.
Determination of NO production
Compounds 1-15 (purity >95%) were dissolved in dimethyl sulfoxide (DMSO), and the final concentration of DMSO was 0.1%. A pretreatment of each compound for 30 min was conducted in RAW 246.7 cells and then followed by a stimulation of LPS (100 ng/ml) for 24 h. DMSO was used as negative control and 20(S)-ginsenoside Rg3 (100 mM) as positive group [11] . All compounds were tested in nontoxic concentration. The Griess reaction was carried out to measure the NO production [12] . Briefly, 80 ml of cell culture supernatant was added into Griess reagent in the same volume and reacted for 10 min. Then the absorbance at 540 nm was obtained from a microplate reader. Real-time reverse transcription polymerase chain reaction was performed using an ABI ViiA 7 Real time PCR system (Applied Biosystems, CA, USA). The data was normalized to b-Actin mRNA.
Statistical analysis
Data from three independent experiments were presented as the mean AE standard deviation. Student's t test and Prism Graphpad program were used in the data analysis and calculation, respectively. The absolute configurations of the glucose and xylose were proved signals for the sugar parts showed consistence with those of ginsenoside FP2 (11) [16] . Finally, the structure of compound 2 was determined as assigned to a carbonyl group. The only differences were five more carbon signals due to a xylopyranosyl unit in 4 than 1. Furthermore, the sugar sequences of 4 were shown the same as those of notoginsenoside Fc (10) [17] . Finally, based on this clarification above and two-dimensional spectra, compound 4 was deduced as [20] . However, the structure of notoginsenoside Ft3 was not fully determined owing to the unconfirmed hydroxyl group at C-24 position. In our study, the configuration at C-24 of compound 8 was suggested to be S from the higher-field shift at 
Results
Structure elucidation of new compounds
3-O-[b-D-xylopyranosyl(1/2)-b-D-glucopyranosy (1/2)-b-D-glucopyranosyl]-20-O-[a-L-arabinofuransyl(1/6)-b- D-glucopyranosyl]3b,3-O-[b- D-xylopyranosyl(1/2)-b-D-glucopyranosyl(1/2)-b-D-glucopyranos yl]-20-O-[b-D-xylopyranosyl(1/6)-b-D-glucopyranosyl]3b,
Structure identification of known compounds
The known compounds 9e15 were identified as gypenoside LXXI (9) [18] , notoginsenoside Fc (10) [17] , notoginsenoside FP2 (11) [16] , notoginsenoside Fz (12) [8] , ginsenoside Rc (13) [14] , ginsenoside Rb3 (14) [14] and gypenoside IX (15) [21] compared to the NMR and MS data reported.
Antiinflammatory activity
Previous reports have revealed that saponins exerted antiinflammatory activity, and therefore all the isolated compounds were screened for antiinflammatory activity by measuring NO production of LPS-stimulated Raw 264.7 cells. As the results indicate (Fig. 2) , only pretreatment of gypenoside IX at noncytotoxic concentration (100 mM) significantly decreased the NO production to 72.0% compared with the control group (100%), which indicated the antiinflammatory activity of gypenoside IX. Furthermore, the expressions of inflammation-related genes Tnf-a, Il-10, Cxcl10, and Il1b were suppressed by gypenoside IX (Fig. 3) . Taken together, gypenoside IX has the potential to be used as an antiinflammatory agent.
Discussion
PNLS were rich in dammarane-type saponins and could be considered as an alternative source of bioactive saponins. In the present study, eight new notoginsenosides bearing dehydrogenated or oxidized side chains along with seven known PPD-type saponins with common side chains have been isolated and identified from PNLS. Among them, compounds 1, 4, and 5 showed the same a, b-unsaturated ketone as previously isolated saponins, such as notoginsenoside B from the dried root of P. notoginseng, ginsenoside III from the flower buds of P. ginseng, and vina-ginsenoside R20 from the roots of Panax vietnamensis Ha et Grushv. [13, 22, 23] . It has been indicated that this kind of side chain existed widely in genus Panax. Before our study, only quinquenaside L1 from the leaves and stems of P. quinquefolium was reported to bear a side chain with conjugated double bonds [15] . The discovery of 2 and 3 has greatly enhanced the chemical diversity of saponins of this type. In addition, this is the first report on a pair of C-24 epimers [notoginsenoside LK6 (6) and gypenoside LXXI (9)] from P. notoginseng, although this kind of C-24 epimers (vina-ginsenoside R9 and majoroside F1) has been previously isolated from P. vietnamensis [19] . In the previous study, 7 and 8 with undefined configurations at C-24 were proposed as floranotoginsenoside D and notoginsenoside Ft3, respectively [20, 24] . Besides, only 1D NMR and HRESIMS without 2D NMR were listed for the identification of floranotoginsenoside D, and acid treatment was used to obtain notoginsenoside Ft3 from leaves of P. notoginseng. In this study, the configurations of 7 and 8 were determined by comparing their chemical shifts to those of the C-24 epimers (6 and 9). Moreover, the structure of 7 was completely characterized by chemical and spectroscopic methods, and 8 was formed naturally.
Gypenoside IX was firstly isolated from Gynostemma pentaphyllum Makino and found in P. notoginseng and P. ginseng [25, 26] . Although many reports demonstrated that G. pentaphyllum and gypenosides from this plant displayed antiinflammatory properties [27e29], there have been very few reports of gypenoside IX about antiinflammatory activity. Our data showed the moderate antiinflammatory effect of gypenoside IX, which could be served as an important pharmalogical active saponin in the genus of Panax or Gynostemma.
According to our data (Fig. 2 ), isolated saponins with four or five sugar units such as ginsenoside Rb3 (14) and 1e7 showed no effect Data from six independent experiments were expressed as the mean AE SD. **p < 0.01 and *p < 0.05 versus the Model group. LPS (100 ng/ml) were used to build the model. Cxcl10, interferon-inducible protein 10; Il-10, interleukin 10; Il-1b, interleukin-1b; IX, gypenoside IX; LPS, lipopolysaccharide; Rg3, 20(S) ginsenoside Rg3; SD, standard deviation; Tnf-a, tumor necrosis factor-a. Fig. 2 . Effect of compounds 1e15 on nitric oxide (NO) production in LPS-stimulated RAW 264.7 cells. The data were presented as ratio (%) compared to the group of DMSO-treated cell (control group). 20(S)-Rg3 was used as positive control. Compounds, which showed less than 80% of NO production, can be regarded as the potential antiinflammatory inhibitors. Data from three independent experiments were expressed as the mean AE SD. **p < 0.01 and *p < 0.05 versus the control group. DMSO, dimethyl sulfoxide; LPS, lipopolysaccharide; Rg3, 20(S) ginsenoside Rg3; SD, standard deviation. on our experiment model. However, Ma et al [30] reported that ginsenoside Rb3 protected cardiomyocytes against ischemiareperfusion injury by suppressing the nuclear factor kappa B pathway. Ginsenoside Rb1 with similar structure to ginsenoside Rb3 was reported to be metabolized after oral administration to compound K and then to present bioactivities on treating allergic inflammation [31] . Hence, it may be suggested that 1e7 might show effects by metabolizing to less polar saponins through orally administration. Thus, further pharmacological studies of these new compounds in vivo models should be processed.
In this study, we have isolated fifteen dammarane-type triterpene oligoglycosides especially eight new ones from the PNLS, which may enrich and expand the chemical library of saponins in Panax plants. Morever, gypenoside IX as a PPD-type oligoglycoside was demonstrated to show antiinflammatory effect by suppressing the NO production and inflammation-related genes in LPSstimulated RAW 264.7 cells. Further investigation is expected to increase insight into mechanisms of antiinflammation of gypenoside IX.
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